Abstract Soybean (Glycine max (L.) Merrill) yield in tropical Africa remains below 1 t/ha partly because most growers rarely use beneficial organic soil amendments on degraded tropical soils. Therefore, field trials were conducted during the late cropping seasons (July-November) of 2015 and 2016 on the organic research plots of the Institute of Food Security, Environmental Resources and Agricultural Research, Nigeria (7°13′ 51.17″ N and 7°13′ 53.16″ N and longitudes 3°23′ 49.12″ E and 3°23′ 51.86″ E 131.5 m above sea level), the trials evaluated the agronomic response of five recently released soybean varieties (TGx 1448-2E, TGx 1440-1E, TGx 1740-2F, TGx 1987-62F, and TGx 1835-10E) to the application of three organic fertilizers (Aleshinloye grade B, Organo Farm, and Gateway) and a control. The trials were laid out in randomized complete block design (RCBD) in a 5 × 4 factorial arrangement and replicated three times. Data were collected on growth parameters, yield and yield attributes, and seed quality. Significant (p < 0.05, F test) varietal difference was recorded for aboveground plant weight, grain filling period, height at physiological maturity, number and weight of pods, number of branches and seed yield, and quality in both years. Application of organic fertilizers significantly (p < 0.05, F test) increased aboveground plant weight, number of branches and pods per plant, weight of seeds per plant, seed yield, and quality in both years relative to the control treatment, except oil content and seed yield in 2016. It is recommended that the three organic fertilizers can be used for soybean cultivation since soybeans grown on treated plots produced seed yield above 1/ton in both contrasting years of experimentation.
Introduction
Soybean (Glycine max (L.) Merrill) is a very versatile oilseed crop widely used for many purposes in the food and allied industries worldwide. The crop is mainly grown for its seed that contains 18-25% oil and 30-50% protein required for human and animal nutrition (Mannan 2014) . At present in tropical Africa, the average of soybean is below 1 t/ha as against the world average of 2.85 t/ha (FAO 2018) . Nigeria, the second largest producer of soybeans after South Africa, recorded mean yield of 0.97 t/ha as against 2.2 t/ha in South Africa in 2017 (FAO 2018) . General low yields of food crops in the tropics have been attributed to low soil fertility status, weed infestation, rising cost of agrochemicals, low purchasing power of resourceconstrained farmers, lack of improved crop varieties, lack of access to necessary inputs, and poor management practices among others (Affholder et al. 2013; Teguh et al. 2017; Zerihun and Haile 2017) . Therefore, the use of low input technology such as organic fertilizers will go a long way in ameliorating some of the challenges farmers face in the tropics. As a continent, land under organic agriculture increased by 255,000 ha (i.e., 14%) in 2017 and Africa presently has 2.1 million hectares of certified organic agricultural land (Willer and Lernoud 2019) . In the last decade, certified land under organic agriculture in Nigeria increased from 3000 ha in 2008 to 53,000 ha in 2017 (Willer and Lernoud 2019) .
According to Chen (2006) , all the required nutrients by plant must be present in the soil in balanced quantities and forms for the plant's optimal growth. The use of organic soil amendments is now rapidly gaining importance in tropical agriculture because of their relatively cheaper cost and ready availability when compared with the inorganic fertilizers. Organic soil amendments have been reported to improve the physical, chemical, and biological properties of the soil through the improvement of soil aeration, soil carbon exchange capacity (CEC), water holding capacity, and slow mineralization of organic materials (Yan et al. 2007; Zong et al. 2010; Gautam and Pathak 2014) . Despite the established fact that continuous use of inorganic fertilizers often results in problem of soil degradation (Khaim et al. 2013) , most efforts by scientists in the tropics in recent past have been directed towards integrated use of organic and inorganic fertilizers for the improvement of soybean yield. Research findings of such efforts have been documented under sole cropping in Ethiopia (Zerihun and Haile 2017) , Bangladesh (Khaim et al. 2013; Mannan 2014) , Nigeria (Adeyeye et al. 2014; Falodun et al. 2015) , India (Devi et al. 2013) , Indonesia (Kuntyastuti and Sutrisno 2017) , Sudan (Yagoub et al. 2012) , and Iran (Khaledian et al. 2014 ) and in mixture with maize in Ethiopia (Zerihun et al. 2013) and Malaysia (Almaz et al. 2017 ) with varying results across the agro-ecological zones and soil conditions. It is well known that integrated use of organic and inorganic fertilizers is not allowed in organic agriculture. Soybeans has the potential to restore soil fertility through nitrogen fixation process (Giller 2001 ) and the rate of nodulation is a function of climatic and edaphic factors prevailing within the growing conditions (Gentili et al. 2006) . However, fewer efforts have been made thus far to explore the potential of the use of only organic fertilizers to boost the productivity of soybeans in the tropics. Some of the documented efforts are from Ghana (EzekielAdewoyin et al. 2017) , Kenya (Otieno et al. 2009 ), Indonesia (Prihastuti and Sutrisno 2015, Kuntyastuti et al. 2018) , Pakistan (Javid and Mahmood 2010) , Egypt (Mekki and Ahmed 2005) , Nigeria (Olowe et al. 2014) , and India (Aher et al. 2015) . Unfortunately, most of these studies were limited to grain yield and yield attributes, not addressing seed quality as affected by the applied organic fertilizers. Therefore, our study was carried out to evaluate the effect of organic fertilizer application, on growth, nodulation, yield, yield attributes, and quality of soybeans in the tropics.
Materials and methods

Growth conditions
The field experiments were carried out on the organic research plots of the Institute of Food Security, Environmental Resources and Agricultural Research, Nigeria, located between latitudes 7°13′ 51.17″ N and 7°13′ 53.16″ N and longitudes 3°23′ 49.12″ E and 3°23′ 51.86″ E on altitude 131.5 m above sea level) during the late cropping seasons of 2015 and 2016 on a sandy loam soil. The rainfall distribution in this area is bimodal having two peaks in July and September with a dry spell in August (August break). However, the two peaks were recorded in September and October in both years probably because of climate change effect over the years. During the period of experimentation, a total rainfall of 435.8 and 519.1 mm was recorded in 2015 and 2016, respectively. Figure 1 shows rainfall distribution and mean monthly temperature during the period of experimentation in both years. Year 2016 was 16% wetter than 2015 during the experiment. Mean monthly temperature ranged between 26 and 28°C during the period of experimentation and it was adequate for growth and development of soybean since it is close to the recommended mean daily range of 30-32°C for most cultivars (Weiss 2000) . Based on the results obtained from soil analysis, the soils of the experimental sites were loamy sand in texture and contained 0.11 and 0.12% total nitrogen, 1.17 and 1.19% total organic carbon, available P 16.42 and 48.69 mg/kg, and 0.28 and 0.91 mol/kg exchangeable potassium with pH of 6.1 and 6.2 in 2015 and 2016, respectively. Based on the soil analysis results, the soils were low in nitrogen in both years, medium in phosphorus and potassium in 2015 and high in 2016, respectively (Table 1) .
Experimental treatments and design
The experimental design was a randomized complete design in a 5 × 4 factorial arrangement and replicated three times. The factors were varieties-TGx 1448-2E (late maturing), TGx 1440-1E (late maturing), TGx 1740-2F (early maturing), TGx 1987-62F (extra early maturing), and TGx 1835-10E (extra early maturing); organic fertilizers-Alehinloye Grade B (0.58 and 0.56% N; abattoir waste-based), Organo farm (1.58 and 1.67% N; brewery waste-based), and Gateway (0.50 and 0.50% N; animal dung-and wood ashbased); and control in 2015 and 2016, respectively. Results of chemical composition of the commercial fertilizers are shown in Table 2 .
Crop husbandry
Sowing was done on the experimental plots that consisted of six rows measuring 4 m × 3 m (12 m 2 ) at 60 cm × 5 cm giving a total plant population of 333,000 plants per ha. Sowing was done on July 15, 2015, and July 13, 2016. Organic fertilizers were applied 3 weeks after sowing immediately after the first weeding using side dressing method at the rate of 25 kgN/ha which was achieved by applying appropriate quantities of Aleshinloye, Organo farm, and Gateway per plot. Thereafter, five plants were randomly selected and tagged at 5 weeks after sowing from the net plot for plant height and yield attribute measurement on plot basis. The second hoe weeding was done 6 weeks after sowing.
Data collection
Data were collected on number of days to flowering (R2), full pod (R5) and physiological maturity (R7), and plant height at different R2, R5, and R7. Grain filling period (GFP) was determined by deducting the At harvest, data on yield attributes (height to first branch and pod, number of branches per plant, number and weight of seeds and pods per plant, 100 seed weight, harvest index, and threshing percent were collected on five randomly selected plants from each plot. The total plot seed yield was determined after threshing all the pods of plants on plot basis and later converted to weight per unit land area (kg/ha). The oil and protein content of seeds were determined using Soxhelt extraction and Kjeldahl block digestion and steam distillation, respectively (Egan et al. 1981 ).
Data analysis
All data collected were subjected to analysis of variance (ANOVA) to test the main effects and interaction between the factors for the two experiments (years) separately using the MSTATC package (Freed et al. 1989) .
Where the effects were statistically significant (p < 0.05, F test), treatment means were separated using the least significant difference (LSD) method. Simple linear correlation analysis was carried out between seed yield and the measured yield attributes to establish the degree of association between the parameters.
Results
Effects of organic fertilizer application on phenology of five soybean varieties in 2015 and 2016
Mean values for number of phenological days to flowering (R2), full pod (R5), and physiological maturity (R7), and duration of grain filling period (GFP) of soybean varieties in 2015 and 2016 are presented in Table 3 . Varietal effect on these parameters was significant (p < 0.05, F test) in both years at the three stages. The check variety (TGx 1448-2E) attained these stages at a significantly later (p < 0.05) date than TGx 1987-62F and TGx 1835-10E in both years. Variety TGx 1440-1E (late maturing variety) recorded significant longer GFP than all the four other varieties, except TGx 1740-2F in 2015. However, organic fertilizer application and the variety × fertilizer application interaction effect were not significant for all the parameters in both years, except V × F effect on GFP in 2015.
Effect of organic fertilizer application on plant height of five soybean varieties at R2, R5, and R7 in 2015 and 2016
Significant (p < 0.05) varietal effect was observed among the varieties at R7 in 2015, and R5 and R7 in 2016 (Table 4) . During the much drier 2015, TGx 1740-2F (early maturing) was significantly (p < 0.05) taller than the two extra early varieties (TGx 1987-62F and TGx 1835-10E) but on par with the other two late maturing varieties at R7. Similarly, during the wetter 2016, TGx 1740-2F still grew significantly (p < 0.05) taller than TGx 1835-10E at R5 and R7. Organic fertilizer application and variety × fertilizer application effects were not significant at the three stages (Table 4) .
Effect of organic fertilizer application on the nodulation of five soybean varieties
The five test varieties were evaluated for compatibility with indigenous Rhizobium through the number and weight of nodules formed on their roots as influenced by organic fertilizer application (Tables 5 and 6 ). The varietal effect was not significant on both number and weight of nodules in both years. Organic fertilizer application, particularly the Gateway Organic fertilizer (significantly (p < 0.05, F test) enhanced the number of nodules per plant 8 and 10 weeks after sowing in 2015 relative to the control treatment (Table 5 ). The test varieties were only significantly (p < 0.05) different from each other 12 weeks after sowing with TGx 1987-62F recording nodule weight that was significantly (p < 0.05) heavier than any the weight of nodules of other varieties (Table 6) . Similarly, organic fertilizer application effect was also significant 12 weeks after sowing in 2015. Gateway fertilizer application resulted in significantly (p < 0.05) higher nodule weight of soybeans than the control (Table 6 ). Varietal and organic fertilizer application and their interaction effects on soybean nodule number and weight were not significant in both years (Tables 5 and 6 ).
Effect of organic fertilizer application on seed yield and some yield attributes of soybeans
Varietal and organic fertilizer application effects significantly (p < 0.05, F test) affected aboveground plant weight, number of branches and pods per plant, and weight of pods per plant in both years, except weight of pods per plant in 2016 (Table 7) . The two late maturing varieties (TGx 1448-2E and TGx 1440-1E) and the early maturing variety (TGx 1740-2F) produced significantly (p < 0.05) higher above ground plant materials than the extra early variety (TGx 1835-10E) in both years. A similar trend was observed for number of branches, number and weight of pods per plant in both years (Table 7) . Application of Aleshinloye and Organo farm fertilizers resulted in significantly (p < 0.05) higher Org. Agr. fertilizer application effect was not significant on any of the agronomic traits (Table 7) . Varietal and fertilizer application effects did not affect number and weight of seeds per plant, harvest index and threshing percent in both years, except fertilizer application effect on weight of seeds per plant in both years (Table 8) . Application of Aleshinloye fertilizer significantly (p < 0.05) increased weight of seeds relative to the control treatment and the other two organic fertilizers in both years. Varietal effect was significant (p < 0.05) for height to first branch and pod in both years, except height to first branch in 2015 (Table 9 ). Organic fertilizer application (Aleshinloye) significantly (p < 0.05) increased height to first branch in 2016 relative to other treatments. Varietal effect was significant ( < 0.05) in both years with TGx 1835-10E producing significantly lower seed yield than the remaining four varieties (Table 9 ). On average, organic fertilizer application significantly (p < 0.05) enhanced grain yield of soybeans relative to the control treatment in 2015. Varietal and organic fertilizer treatments had no significant effect on 100 seed weight in both years. Interaction effect of variety × fertilizer application was significant on grain yield in 2015 ( (Table 10) .
Relationship between grain yield and 14 agronomic characters of soybeans in 2015 and 2016
The correlation coefficients between the 15 agronomic characters are shown in Tables 11 and 12 during 2015 and 2016, respectively. Grain yield was positively and significantly (p < 0.05) related to number of days to full pod, physiological and harvest maturity, aboveground plant weight, grain filling period, number of pods and seeds per plant, weight of pods per plant, and number of branches per plant season, in 2015 (Table 11) . Number of branches per plant also exhibited highly significant (p < 0.05) and positive relationship between most other agronomic characters in 2015. However, during the more favorable 2016 late cropping season, grain yield was only positively and significantly (p < 0.05) related to number of days to full pod, number of pods, seeds and branches per plant (Table 12 ). Number and weight of pods, and number of seeds were positively and significantly (p < 0.05) associated with number of days to full pod in both years (Tables 11 and 12 ).
Effect of organic fertilizer application on seed quality of five soybean varieties in 2015 and 2016
Variety and organic fertilizer application, and their interaction effects significantly (p < 0.05, F test) affected protein and oil content of soybeans in both years (Tables 13, 14 , and 15). On average, the three early and extra early maturing soybean varieties (TGx 1740-2F, TGx 1987-62F, and TGx 1835-10E) contained significantly (p < 0.05) higher protein and oil content than the two late maturing varieties (Table 13) . Application of organic fertilizer also resulted in significantly (p < 0.05, F test) higher protein and oil content in both years over the control. Application of Gateway organic fertilizer significantly (p < 0.05) improved the oil content of soybeans in both years relative to the soybean seeds from the control ad Organo farm fertilizer plots. Table 14 contains mean values of protein content of five soybean varieties as influenced by variety × fertilizer application effect. TGx 1987-62F contained comparatively high protein across the control treatment and fertilizer types, especially in 2016 (Table 15 ). The five soybean varieties contained comparatively high protein when * and ** significant at P < 0.05 and P < 0.01, respectively, Pearson product-moment Gateway organic fertilizer was applied to them in both years. Aleshinloye organic fertilizer application resulted in the highest oil content of TGx 1440-1E in both years (Table 15) . Whereas, application of Gateway fertilizer resulted in consistently and relatively high oil content (> 17.0%) in the seeds of all the varieties in both years, except TGX 1835-10E in 2015 (Table 15) .
Discussion
During the last two decades, the huge potential for organic soybean production in the forest savanna transition zone of the humid tropics has been established (Olowe and Adebimpe 2009; Olowe et al. 2014) . Varying responses to the three commercial organic fertilizers' application were observed in the five tested soybean varieties. Disparity in responses could be attributed to the slightly contrasting weather conditions during the late cropping season (July-November) of 2015 and 2016 with the latter recording 16% more rainfall than the former. This apparently contributed to better yield performance of the five test soybean varieties in 2016 than 2015. The total annual rainfall recorded in 2015 (845.2 mm) and 2016 (1146.3 mm) were more than the recommended range (500-750 mm) sufficient for soybean to produce high seed yield (Weiss 2000) . On average, the two late maturing soybean varieties (TGx 1448-2E and TGx 1440-1E) flowered (R2) and attained physiological maturity (R7) significantly (p < 0.05) later than the two extra early maturing soybean varieties (TGx 1987-62F and TGx 1985-10E) . Organic fertilizer application had no significant effect on number of phenological days to flowering (R2), full pod (R5) and physiological maturity (R7), and the number of phenological days to R5 and R7 decreased following the application of organic fertilizers. Lack of response of soybean to different nutrient sources in terms of days to R2 was earlier reported by Yagoub et al. (2012) in Sudan. Although, nitrogen can promote vegetative growth, yet it can induce early flowering in soybeans (Chuansong 1990; Yagoub et al. 2012) . Grain filling period is a function of genotype and environmental factors which affect seed fill through their influence on the availability and translocation of assimilates from the vegetative organs to the seed (Patterson and Raper 1985) . In our study, the test varieties exhibited significant (p < 0.05) varietal difference in both years for duration of grain filling period. TGX 1440-1E recorded the longest (18 and 17 days) grain filling period in 2015 and 2016, respectively. Although, this trend only resulted in the production of the highest grain yield in 2015 by TGx 1440-1E. Grain filling period had earlier been reported not to have direct effect on final grain yield (Board 2002) . In earlier studies on soybeans, it was demonstrated that the longer the duration of grain filling period, the higher the grain yield and that the efficiency of the test varieties to partition assimilates into the grains also affected grain yield (Gay et al. 1980; McBlain and Hume 1980; Olowe 1989) . The final plant height of soybeans largely depends on the genetic makeup of the variety (Doss and Thurlow 1974; Olowe and Alofe 1991) . The two late maturing varieties (TGx 1448-2E and TGx 1440-1E) were significantly (p < 0.05) taller than two early maturing varieties (TGx 1987-62F and TGx 1985-10E) at R7 in both years. However, TGx 1740-2F was the tallest in both years, though not significantly taller than the two late maturing varieties. Application of organic fertilizers did not have significant effect on soybean plant height at R7, though the fertilized plants were taller than the control. Although, a significant plant height response of TGx 1440-1E to integrated fertilizer regime was reported recently in the rain forest ecology of Nigeria (Falodun et al. 2015) . Variety TGx 1440-1E, a late maturing variety, was the most vigorous variety and it produced significantly (p < 005) higher above ground plant weight than the two extra early maturing varieties (TGx 1987-62F and TGx 1835-10E) in both years. However, it was on par with TGx 1448-2E (check and late maturing) and TGx 1740-2F, an early maturing variety, for aboveground plant weight, and height at physiological maturity. Increase in dry matter accumulation over the control treatment in other studies had been attributed to improved microbial activities in the soil (Lu et al. 2015) , enhanced nutrient uptake by plants and increased photosynthetic rate (Jannoura et al. 2013) .
Formation of nodules on the roots of soybean plant is a confirmation of the compatibility between the soybean variety and the indigenous Rhizobium in the soil (Suryantini 2013) . On average, nodule number and weight per plant ranged between 3.9 and 8.2 and 0.07-0.80 g, respectively. These values were markedly lower than those reported for soybeans elsewhere, but were on par with nodule weight per plant-20-68, 0.99-2.0 g in Ethiopia (Tarekegn and Kibret 2017); 11-43, 0.11-0. 14 g in India (Devi et al. 2013); and 11-44, 0.10-0.20 g in Canada (Hattori and Johnson 1984) . Application of Gateway organic fertilizer significantly (p < 0.05) increased nodule number per plant at 8 and 10 WAS and nodule weight at 8 and 12 weeks after sowing during the relatively drier 2015 over the control treatment. Improvement in nodule number and weight had been reported to be an outcome of improvement in the growth environment (soil pH, nutrient availability, microbiological activity, physical and chemical properties of soil) among other factors (Brockwell et al. 1991 and Suryantini 2013) .
The five test varieties exhibited significant (p < 0.05) varietal differences and response to organic fertilizer for Devi et al. (2013) . Enhanced development of soybeans on the treated plots could be due to supply and availability of nutrients necessary for partitioning of assimilates to the various structural components of the plants. Similar results have been reported by Devi et al. (2013) . However, during the relatively more favorable weather conditions of 2016, application of organic fertilizer did not result in significant increase in number and weight of seeds per plant. Similar result of no significant effect on soybean following nitrogen fertilizer application was earlier reported by Hantolo (1995) . The key grain yield attributes (number and weight of seeds and pods per plant) were significantly and positively correlated with grain yield in both years, except number of pods and seeds in 2016. Similar trend had been reported in trials involving the two late maturing varieties (TGx 1448-2E and TGx 1440-1E) in the forest-savanna transition zone (Olowe and Adebimpe 2009) . The significant but negative correlation between grain yield and threshing percent might be as a result of differential capabilities of the varieties to preferentially partition assimilates into the seed. The number of branches per plant was positively and significantly associated with the number and weight of pods and seeds per plant especially in 2015. Similar trend was reported for semi-determinate and determinate soybeans in the forest zone by Olowe (1989) .
The yield performance of the tested varieties compared very well with their potential (1.1-2.7 t/ha) in the traditional growing regions especially during the wetter 2016 (Asafo-Adeji and Adekunle 2001). In our study, grain yield ranged between 542.27 and 1824.80 kg/ha in 2015 and 1131.94 and 1833.32 kg/ha in 2016 and they compared very well with the African average of < 1.0 t/ ha, but lower than world 2.8 t/ha and South Africa (2.2 t/ ha) average yield values (FAOSTAT 2018) . The extra early variety TGx 1835-10E recorded the lowest grain yield in both years. Whereas, significant yield advantage following application of organic fertilizer was only recorded during the relatively dry year 2015. This trend recorded in 2015 confirmed earlier report that yields from organic plots are usually greater than yield from conventional plots during dry years because of the inherent advantage of better water holding capacity of under organic production system relative to the conventional system (Posner et al. 2008) . Relatively higher vegetative growth and eventual economic yield recorded on fertilized plots as against the control treatments can be attributed to nutrient availability which could have resulted in better absorption, increased photosynthesis, metabolic activities in the plants, and eventual higher productivity (Sutrisno 2017) .
Application of Gateway organic fertilizer (animal dung wood as based) that contained comparatively high level of micronutrients (Zn, Cu, Fe, and Mn) resulted in significantly (p < 0.05) higher protein and oil contents than the control and on par with the other two fertilizers. Application of boron and zinc have been reported to facilitate growth of bacteroids in root nodules thereby enhancing nitrate reductase (NR) and nitrite reductase (NiR) enzyme systems which eventually resulted in increased protein content of soybean seeds (Hemantaranjan and Trivedi 2015) . They opined that increase in total plant nitrogen content facilitated better amino acid synthesis and corresponding protein formation. Furthermore, Maheshbabu et al. (2008) attributed higher protein content in soybean seeds following application of organic manures to availability of required nutrients in the root zone as a result of their solubilization caused by the organic acids produced from the decomposition of organic manures applied. Ranjit Singh and Rai (2004) also reported utilization of integrated nutrient sources for higher production of soybeans. On average, the three fertilizers enhanced seed quality of soybean relative to the control.
Conclusions
The two late maturing varieties (TGx 1448-2E and TGx 1440-1E) recorded the longest grain filling period that ranged between 16 and 18 days and was significantly longer than the GFP (12-15) recorded by the two extra early (TGx 1987-62F and TGx 1835-10E) . This translated to comparatively high grain yield for the two late maturing varieties. The early maturing variety TGx 1740-2F, though the tallest in both years, was on par with the late maturing varieties (TGx 1448-2E and TGx 1440-1E) and significantly taller than other two extra early maturing varieties (TGx 1987-62F and TGx 1835-10E) at physiological maturity (R7).
Application of commercial organic fertilizers (especially Aleshiloye grade B and Organo farm) enhanced dry mater accumulation in the above ground plant part of soybeans. Nodulation was significantly enhanced relative to the control and other two fertilizers following the application of Gateway organic fertilizer at 10 and 12 WAS in 2016 and 2015, respectively.
Organic fertilizer application (Aleshinloye Grade B) resulted in significantly higher number of branches per plant, number and weight of pods and seeds per plant in both years relative to the control, except weight of pods in 2016. On average, organic fertilizer application enhanced soybean grain yield (1318.67-1794.43 kg/ha) and it was greater than the Nigerian (0.97 t/ha) and African average (< 1.0 t/ha) and the control in both years. Three key yield attributes of soybeans (number of branches, pods and seeds per plant) were significantly and positively related to grain yield in both years of experimentation. Gateway organic fertilizer application enhanced seed quality of the soybean varieties in terms of protein and oil content in the seeds.
